NS1 02 Lecture 8 Agnl 26, 2005

Opening: Dark Center of the Universe, Modest Mouse
Closing: Homesick at Space Camp, Fallout Boy



GnatSigh News
(all the news that fits)

* Website http://home.fnal.gov/~rocky/NS102/

* Need violinist volunteer

* Review logarithms
* Review basic trigonometry (definition of sine, tangent, etc.)

« Exam #1 be returned on Thursday (exit polling good)

Lab this week: Temperature of the Universe
Lab next week: Geometry of the Universe
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law of skinny triangles:

tana =sina = a (1n radians)
R
D

o (inradians) =



What's a radian?

2rradians = 360 degrees

: 360
1 radian = o, degrees ~ 60 degrees
60 degrees
0.01 radians X = 0.6 degrees
1 radian
1 radian
3 degrees X = 0.05 radians

60 degrees



The skinny on traingles

o(radians) = tan ¢ = sin o =
o (degrees) | o (degrees) x 2% A a_a_3+
360 3 3
3° 0.05236 0.05241 0.05234
10° 0.17453 0.17633 | 0.17365
30° 0.52360 0.57735 | 0.50000
100° 1.74533 -5.67128 | 0.98481
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How good are your eyes?

D
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‘ 20°=240" .
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- a______ l p S
240" )

o= _4x10" Ms (00 degrees _ ) -
27 rz?bk%s
60 minutes B

a =0.02° x =1
1 degree D — 2’




D
=1 AL radians X 60 d‘*?rees

) radian
_ 60 AU dearees X 60 minqtes

D 1 degiee
= 3600 AU ;.. cac x 90 se_conds

D 1 minute

_ 206,264.8 AU seconds

D



D
1 AU .

o= D =LIERS

o= 206,224.8 AU seconds

1 pc =206,264.8 AU = 3.26 light years
=1073(10,000,000,000,000) miles

a= %C seconds = sec;)nd nC




», seconds

200,000 AU  parallax
D seconds

pc ~  parallax

1 AU




star

o Centauri
Barnard’s star
Sirius

Altair

D

parallax

()

0.75
0.5
0.4
0.2

seconds

parallax

distance
(pc)

1.3
2.0
2.5
5.0



Let’s think for a second of arc

2cm
—
D
o )),
o= 11§m radians 4 1% km
27 1 km
o= 200,000 cm seconds 17 2 km
D 0.1” | 20 km
o= 2KM_ seconds 0.01" 1 200 km
D 0” infinity
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Planet Imager

Formation
Flying

Launch: 2030

32 X 8 meter mirrors
Baseline = 6000 km






angular diameter

Planet (in minutes)
Ptolemy True
Mercury 2 0.01
Venus 3 0.5
Mars 1.5 0.15
Jupiter 2.5 04
Saturn 1.7 0.2
Bright stars 1.5 ~0




How far away are stars? How big are stars?

Earth

- @ 3

Both objects have an anqular diameter of 3°







They have different apparent brightness
They have different colors

They move

They change In brightness
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Sort of
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Loudness: Intensity: enerqy per second in ear

lruresHoLp = €Nergy per second in ear
at threshold of hearing

lo AN = energy per second in ear
at threshold of pain

IPAIN / ITHRESHOLD ?
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Loudness: Intensity: enerqy per second in ear

lruresHoLp = €Nergy per second in ear
at threshold of hearing

lo AN = energy per second in ear
at threshold of pain

loain / ltHRESHOLD = 1072 11!
1-100 (10%)

100 — 1,000 (103)
1,000 — 1,000,000 (10°)
1,000,000 — 1,000,000,000 (10°)
1,000,000,000 — 1,000,000,000,000 (102)



Linear Ear
—_— Some
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Intensity increases by a factor of 1012
— electrical impulse increases by 1012




‘Intensity: energy per time per area

Energy

'= Fime Area

l, = threshold of hearing
dB =10 log (I/ 1)
I/ 1, = 1012
log (1072) =12
dB=10 X12=120



Logarithmic Ear
Some
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10- volts x 10 log(1072) = 1.2 x10-4 volt
Electrical impulse (output) only increases
as the logarithm of the input




lo_is intensity at threshold of hearing
I, |log(l/1l,) | dB=101log (lI/1,)

1 0 0
102 2 20
106 6 60
1012 12 120

1040 20 200



